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在抑制 Pax1 表达的斑马鱼胚胎中过量表达 AmphiPax1/9 mRNA，发现其









































Amphioxus, an important transition of invertebrate and vertebrate, has been 
regarded as the ideal model organism in developmental and evolutionary biology. 
Although the modeling has made some progresses currently, there are many 
restricted factors in practice, such as the restriction of spawning season, 
instability of spawning time and the technical mastering of microinjection. All 
the reasons above make it difficult to start some in-depth study of gene function 
in amphioxus for the present. So, we choose zebrafish, having a closer genetic 
relationship with amphioxus, as a reference model to study the function of 
AmphiPax1/9. 
In this study, we focused on Pax1/9 subfamily, a group of crucial 
transcription factor in development, to study evolutionary conservation and 
functional compensation in amphioxus and zebrafish. First, we detected the 
expression pattern and function of Pax1 and Pax9 in zebrafish. The results 
showed that Pax1 gene transcripts mainly distributed in the gill arch and might be 
used as a marker gene of gill arch development. Pax1 knockdown induced cell 
apoptosis, especially in eye primordia. Also we proved that Pax1 was regulated 
by Wnt signal, which is related to eye development. So, we supposed that cell 
apoptosis induced by Pax1 knockdown might be associated with Wnt 
down-regulation.  
Pax9 gene transcripts mainly distributed in the somite and pharyngeal gill 
area, and the result that Pax9 knockdown led to somite and tail sclerotome 
abnormal, in accord with the in situ hybridization results, suggested Pax9 was 
directly related to the somite formation and maturation. 
The statistics results showed that the over-expression of ZfPax1 mRNA can 
rescue the phenotype of defects, but AmphiPax1/9 can not. The reasons for the 















species and the significant changes in protein function although there was a 
highly conserved paird domain. 
In addition, the primary studies illustrated that there were a syntenic block 
on AmphiPax1/9 Locus. We supposed that the upstream non-coding region (NCR) 
of AmphiPax1/9 might be homologous with the counterparts in zebrafish. In 
order to identify the functional evolution of the NCR, we tested the promoter 
function of a 4.6 kb NCR of AmphiPax1/9 in zebrafish. The results indicated that 
the AmphiPax1/9 4.6 kb NCR can not start the expression of the related genes in 
zebrafish and might have species-specific function. 
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图1.1 寒武纪脊索动物化石云南虫Haikouella (A)与文昌鱼（B）[9] 
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Fig. 1.1 Diagram of the Cambrian chordate fossil Haikouella (A) and amphioxus (B) 
Although Haikouella resembles fossil modern cephalochordates, it has vertebrate 
characteristics such as paired eyes and pharyngeal denticles. 
 
图 1.2 （A）文昌鱼（福罗里达文昌鱼）亚成体与（B）七鳃鳗的沙隐虫幼体[9] 
     A 图中文昌鱼亚成体还未性成熟，没有可见的性腺，箭头所指为前端光感受器（或
被称为前眼点），B 图中箭头所指为沙隐虫成对的眼睛。两者均约 5 mm 长。 
Fig. 1.2 Photomicrographs of (A) a living amphioxus juvenile (Branchiostoma 
floridae) and (B) a fixed ammocoete larva of Lampetra japonica 
The juvenile amphioxus is not sexually mature and lacks visible gonads. The arrow in 
A indicates the medial frontal photoreceptor, sometimes called the frontal eye, and in B 































验室模式动物。斑马鱼研究始于 20 多年前， 早在实验室实现纯合子后代
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